Prior research indicates that retirees with less cognitive ability are at greater financial risk because they have lower incomes yet higher medical expenditures. Linking HRS data to administrative records, we evaluate two hypotheses about why this group spends more on health:
Introduction
The rapidly increasing costs of medical care are straining retiree incomes, along with the public and private insurance programs that serve them. Spending There are many obstacles that retirees may face as they work to accumulate su¢ cient resources and make good choices in markets for health care and health insurance. These obstacles include uncertain income and health, incomplete insurance and asset markets, imperfect information about choices and their consequences, and de…ciencies in the skills necessary to make good choices about saving and health in a complex environment. In this paper, we consider one such obstacle: a de…ciency of cognitive abilities. Evidence from a variety of sources suggests that older people, and especially those with lower cognitive abilities, have di¢ culty navigating markets for health care and insurance. In addition, prior research (Fang et al., 2008) indicates that this population is spending more on health care than their more able peers; and that heterogeneity in cognitive abilities, at least as much as standard sources of economic variation, explains important di¤erences in health insurance and expenditure 1 behavior. In this paper, we use panel data from the Health and Retirement Study (HRS) linked to Medicare administrative claims …les to investigate whether and how cognitive abilities relate to the level and qualities of medical expenditure among U.S.
retirees.
In a …rst step, we use the HRS-Medicare linked data to describe the basic, contemporaneous correlation between cognitive function and medical expenditure; a correlation that previous research has shown to be negative in di¤erent data sets. Our estimates indicate that indeed, consistent with previous …ndings, older people with lower cognitive abilities spend substantially more on health than their better able peers. Having established that this basic relationship holds in these data, we then move on to consider alternative sets of hypotheses for why retirees with less cognitive ability spend more on health care.
The cross-sectional correlation between cognitive ability and health expenditure may be determined by a number of di¤erent mechanisms. One broad set of these mechanisms would attribute the relationship to the di¤erences in contemporaneous health between those with higher and lower cognitive abilities. Those with lower cognitive abilities may be in worse health and thus require more (and more expensive)
care. An alternative, not mutually exclusive, set of mechanisms would attribute the contemporaneous relationship between cognitive function and health expenditure to the nature or quality of the care received by people with di¤erent cognitive abilities, but similar underlying health.
To assess the empirical relevance of these alternative sets of mechanisms, we consider the extent to which contemporaneous measures of observable health that are correlated with cognitive function can explain the relationship estimated in the crosssection. Conditioning on a long list of observable health measures, we …nd that much, but not all, of the relationship between cognitive function and health expenditure can be explained by observable components of health. The remaining, conditional correlation between cognitive function and medical expenditure, is modest and allows 2 several interpretations.
One interpretation of the remaining, conditional correlation between cognitive function and medical expenditure is that it re ‡ects unobserved health associated with cognitive decline. To evaluate this hypothesis, we examine the importance of end-of-life expenditure and estimate …xed e¤ect speci…cations identi…ed o¤ of withinperson changes in cognitive functioning. Our …ndings indicate that much of the cross-sectional correlation between cognitive function and health expenditure is due to decline, We interpret this as consistent with the view that the conditional (on observed health) correlation between cognitive function and medical expenditure is attributable to unobserved health.
An alternative set of explanations for the conditional (on observed health) correlation between cognitive function and medical expenditure is that the qualities of care di¤er for those with lower levels of cognitive functioning. Of particular interest is the possibility that less-able retirees are spending more because they tend to receive different, more costly or less e¤ective, kinds of care, despite the same underlying health.
To examine the plausibility of these explanations, we use the highly detailed Medicare claims data to investigate the qualities of the care received by respondents with different levels of cognitive function. Speci…cally, we estimate the relative frequency of three di¤erent types of hospitalizations, each indicating a potentially di¤erent set of mechanisms driving the cross-sectional relationship between cognitive ability and medical expenditure. The rarity of some of these hospitalizations may make it dif…cult to discern di¤erences in the relative frequency of these events. Our estimates indicate, however, that (1) observable aspects of health are doing a relatively good job of controlling for unobserved aspects of health that are correlated with cognitive functioning; (2) di¤erences in health investment behaviors and health care access are likely important contributors to the cross-sectional relationship between cognitive functioning and health care expenditure; (3) di¤erences in health care received, despite very similar underlying health, do not much contribute to the cross-sectional 3 relationship between cognitive function and health care expenditure.
We view this paper as the beginning of an inquiry into the mechanisms behind the cross-sectional correlation between cognitive abilities and medical expenditure. In future work, we anticipate gaining further con…dence in the estimated relationships described here and investigating the role of di¤erent kinds of knowledge and cognitive ability in determining medical care choices.
The rest of the paper is structured as follows. In section 2, we discuss the related literature; in section 3, we describe the data sets used in our analysis; in section 4, we document the raw negative correlations between cognition measures and the total health expenditure, as well as hospitalization expenditures, and show that these negative correlations are largely explained away by controlling for di¤erences in observed health variables; in Section 5 we examine whether the cross-sectional negative correlations between cognition and total health expenditures/hospitalization expenditures are a result of cognition declines; in Section 6 we inquire whether the negative correlation results from di¤erences in the quality and e¤ectiveness of health care received by patients with di¤erent cognitive abilities. We conclude and discuss the implications of our …ndings in Section 7.
Related Literature
An important motivation for our paper is the surprising negative relationship between health expenditure and supplemental Medigap insurance coverage among retirees, documented in Fang, Keane and Silverman (2008) . In that paper, the authors …nd that an important source for the documented advantageous selection -namely, those who purchase Medigap insurance tend to spend less, instead of more, on health care -is cognition. Speci…cally, they found that in HRS data retirees with higher cognition ability are more likely than retirees with lower cognition to purchase the supplemental Medigap insurance, and as a group, those with higher cognition tend to spend less than those with lower cognition, even though, conditional on cognition there is the traditional adverse selection, i.e., those who purchase Medigap do tend to spend more on health. In this paper, we investigate why the group with lower cognition has higher health care expenditures and is thus at risk for lower consumption in retirement. In doing so, we would contribute to a burgeoning literature on the consequences of …nancial literacy and cognitive ability on wealth and health in retirement. Our paper is of course related to the literature, such as Ca¤erata (1984), Davidson et al. (1992) , and Harris and Keane (1999), which provide evidence from a variety of sources suggests that older people, and especially those with less numeracy and cognitive ability, have di¢ culty navigating markets for health care and insurance. 
Data
Our analysis relies on two linked data sets, the HRS and Medicare administrative claims data summarized, for each matched HRS respondent, in the Bene…ciary Annual Summary File (BASF). Here we provide a brief description of these data.
Health and Retirement Study
The HRS began in 1992 as a panel survey of a nationally representative sample of people born between 1931 and 1941, and their spouses. This original cohort has been re-interviewed every other year since. In 1998, the objective of the HRS was expanded to include learning about the entire U.S. population over age 50. To achieve this goal, the original HRS survey was merged with an existing and related survey of individuals born in 1923 or before, the Asset and Health Dynamics among the Oldest Old. In addition, two more samples were added: the "Children of the Depression" cohort born between 1924 and 1930, and the "War Baby"cohort born between 1942 and 1947. Our interest in those over age 65 leads us to limit our analysis to data collected in the HRS waves from 1998-2008, the latest years for which a …nal version of the integrated data is available. Whenever possible we include data from all HRS cohorts.
Cognitive Performance Measures
The HRS collects a rich set of information about respondents' health, wealth, education, family structure, and the like. Of particular interest for our analysis are the several measures of cognitive performance gathered by the HRS. 1 In this paper, 
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The word recall tests ask respondents to repeat, both immediately and then again …ve minutes later, a list of 10 words that the interviewer read to them, once, aloud.
The subtraction tests include both the simple task of counting backward from 20 and the more di¢ cult task of counting backward from 100 by 7s. Last, the TICS mental status measure asks respondents to give the last names of the President and Vice
President of the U.S., to provide the current date and day of week, and to name two objects based on their brief description. 1. Marker Admissions are hospitalizations for three di¤erent conditions: appendicitis, hip fracture and gastrointestinal obstruction. These conditions are such that ambulatory care just before admission is unlikely to a¤ect the need to be hospitalized (Billings et al. 1993) . In this way, marker conditions are relatively good indicators of (unobserved) underlying health as opposed to health choices or access to care.
2. Ambulatory Care Sensitive (ACS) Admissions are potentially avoidable hospitalizations for conditions that can be managed or prevented through e¤ective primary care, such as complications of diabetes or high blood pressure. ACS admissions often signify lack of access to primary care, receipt of low-quality services, or inability to manage chronic conditions (Billings et al., 1996) . Acute admissions are potentially preventable through timely outpatient intervention or vaccination, while chronic conditions may require ongoing monitoring and patient compliance.
3. Referral-Sensitive Admissions include elective surgical procedures, such as hip or knee replacement and coronary artery bypass graft. These are high-cost procedures that can improve patient well-being and generally require a referring physician, indicating that outpatient service use prior to the admission (Billings, 2003; Billings et al., 1993) . From an e¢ ciency standpoint, it is unclear whether higher or lower rates of these admissions are desirable. These procedures should be performed in accordance with patient preferences (Wennberg, 2007 ). Table 2 provides summary statistics of the key dependent variables we use in our analysis. The …rst row summarizes the individual annual medical expenditure (in 2007 dollars) that is eligible for at least partial reimbursement from Medicare. On average, this amounts to $5,513 a year. As has been often noted, there is enormous variability in this expenditure; the standard deviation of the distribution of this measure is more than twice the mean. Subsequent rows of Table 2 restrict attention to that portion of expenditure that is actually reimbursed by Medicare, and breaks this amount down by category of expenditure. These statistics show that inpatient care is the largest category, on average, followed by "carrier" and out patient care. 6 Expenditure on skilled nursing and home health care are also substantial, on average.
Summary Statistics
The bottom half of Table 2 summarizes some aspects of the disaggregated claims data. In particular this part of Table 2 describes the prevalence of hospital admissions for marker, ACS and referral sensitive conditions. Importantly, the table shows that our primary marker condition, hip fracture, is quite rare in the data. Similarly, the 6 These will tend to be "Part B" expenditure for doctor visits, outpatient care, lab work, etc.
referral sensitive admissions are also rare. ACS admissions, both chronic and acute, are considerably more frequent. The rarity of marker and referral sensitive admissions will limit our ability to draw inference from their relative frequency among those with lower levels of cognitive functioning.
[ Table 2 About Here] 
where y it denotes the level of Medicare-eligible health expenditure by individual i in year t; f jit is individual i's cognitive ability factor j in year t; X it is a vector of limited and predetermined demographic controls at year t; [ Table 3 About Here]
Can Observable Health Explain the Raw Correlation?
The contemporaneous relationship between cognitive ability and health expenditure estimated in equation 1 may be determined by a number of di¤erent mechanisms.
One broad set of these mechanisms would attribute the relationship to the di¤erences in contemporaneous health between those with higher and lower cognitive abilities.
Those with lower cognitive abilities may be in worse health and thus require more (and more expensive) care. An alternative set of mechanisms would attribute the contemporaneous relationship between cognitive function and health expenditure to the nature or quality of the care received by people with di¤erent cognitive abilities, but similar underlying health.
To begin to assess the quantitative importance of these alternative sets of mechanisms, we …rst consider the extent to which contemporaneous measures of observable health that are correlated with cognitive function can explain the relationship esti-mated in equation 1. To that end, we estimate by OLS the following equation:
where we have added to the set of regressors in equation 1 a vector, H it ; of observable (objective and subjective) health characteristics.
9 Table 4 reports the estimated coe¢ cients of speci…cation 2, where we include, but do not report the coe¢ cient estimates of, a large list of observed health measures, such as self-reported health (poor, fair, good, very good and excellent, as well as non-reporting dummies), a large list of indicators for di¢ culty in performing (instrumental) activities of daily living (e.g., di¢ culty in using toilet, di¢ culty in eating etc.), as well as a long list of variables indicating whether the individual had ever been diagnosed with certain health conditions (e.g., heart disease, cancer, had high blood pressure, etc.). The estimated coe¢ cients in Table 4 indicate that the magnitude of the relationship between cognitive function and health expenditure is substantially reduced once the observed health conditions are controlled for. For example, the relationship between total medical expenditure and cognition factors f 1 and f 2 are still negative in this regression, but the coe¢ cient estimates are no longer statistically signi…cant. In some subcategories of expenditure, the conditional correlation remains statistically signi…cant and negative. In addition, typically the cognition measures are jointly signi…cant, even when the observed health measures are controlled for.
[ Table 4 About Here]
This contemporaneous relationship between cognition measures and various measures of health expenditure still hold, and indeed tend to increase in absolute magnitude and statistical signi…cance if we also include controls for education and contemporaneous …nancial resources. We will return to the interpretation of these supplemental estimates of later in the paper. 9 See the appendix for a detailed description of these measures. [ Table 5 About Here] In this view, the fact that cognitive function still predicts health expenditure in the estimates of 2 is due to the conditional correlation between cognitive function and unobserved (by the econometrician) elements of health; it is due, that is, to a correlation between cognitive function and unobserved health, conditional on observed health. 
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Declines of Observable Health and Cognitive Function
To begin to assess the roles played by cognitive decline versus persistent cognitive heterogeneity, we …rst describe some basic features of the time path of observable health and cognitive function. If the cross-sectional relationship between cognitive ability and health expenditure were driven by the coincident decline of both mental function and general health, then we should be able to detect that coincident decline in observable health.
A simple analysis of the variance in cognitive function indicates substantial variation in these measures both across individuals and within a single individual over time. Returning to Table 1 , we see that the between-individual standard deviation is 0.78 for the …rst cognitive factor and 0.73 for the second. The comparable statistics for within-individual variation are 0.48 and 0.47. Overall, the standard deviation of these measures are 0.87 and 0.79, respectively.
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health variables, but not the coe¢ cients on cognitive functions. 11 By construction, each factor is mean zero.
Examining the relationship of wave-to-wave, within-person changes in health and cognitive function gives a sense of how cognitive functioning moves with observable health. We estimate models of …xed e¤ects in cognitive function and observable health, and see the expected positive relationship. Table 6 shows that declines in self-reported health and increases in the number of (I)ADLS with which the respondent has di¢ culty have strong, negative associations with cognitive functioning. As these estimates are identi…ed by within-person changes in both cognitive function and observable health, they point to important positive co-movements of health and cognitive functioning and are consistent with substantial e¤ects of cognitive decline.
[ Table 6 About Here]
End-of-Life Expenditure
To further assess the relative importance of cognitive decay versus persistent heterogeneity in cognitive function, we examine the special case of end-of-life expenditure.
Average end-of-life medical expenditure is large; it now represents approximately a third of total Medicare expenditure. To the extent that cognitive decline associated with poor health drives the cross-sectional relationship estimated in equations 1 and 2, conditioning on being in the end of life should reduce the importance of cognitive function in predicting medical expenditure. To evaluate this proposition, we restrict attention to the Medicare-matched HRS respondents who died during the study and estimate the relationship between cognitive functioning and expenditure, conditional on whether the respondent was in the end of life. Table 7 reports the estimation results controlling for the "end of life," indicating the observation year was the last of the respondent's life. Panel A, which does not include controls of observable health, shows that even if one controls for the end of life dummy, which is estimated to be very large (around $9500 for total medical expenditure), the coe¢ cients on the cognition measures remain negative and statistically signi…cant. In fact, the magnitude of these estimates are only slightly smaller than their corresponding estimates in Table 3 . The estimates in Panel A thus indicate that, the basic cross-sectional relationship is not driven entirely by the cognitive decline associated with death. However, Panel B shows again that this negative correlation between cognitive functioning and health expenditures is importantly, if not completely explained by measures of health. The point estimates lack statistical precision but, as in Table 3 , we …nd evidence that the very bottom of the cognitive functioning distribution has substantially higher medical expenditure, even conditional on observable health.
[ Table 7 About Here]
Fixed E¤ects
In a …nal approach to evaluating the relative contribution of cognitive decline to the cross-sectional relationship, we return to the full sample and estimate "…xed e¤ects"equations of the following form:
These speci…cations estimate the relationship between with-in person changes in cognitive functioning and observable health and medical expenditure. [ Table 8 About Here]
Discussion and Interpretation
As noted above, to the extent that the additional expenditure associated with low cognitive functioning is due to coincident declines of general health and cognitive ability, one interpretation of the residual correlation between cognitive functioning measures and expenditure is simply unmeasured health. Those with lower cognitive functioning are, in ways unobservable to the econometrician, in worse health and thus demand more and more expensive health care. An alternative, though not mutually exclusive, explanation for the residual correlation is that the qualities of care di¤er for those with lower cognitive functioning. Of particular interest is the possibility that less able retirees are spending more because they tend to receive di¤erent, more costly or less e¤ective, kinds of care.
Similarly, there are alternative interpretations or explanations for the extent to which the higher health expenditures among lower cognitive ability people is explained by persistent heterogeneity in cognition. One explanation is that prior health investments have generated worse unobserved health. Again, another not mutually exclusive explanation is that, conditional on health, resources and access, the quality of care provided to those with persistently lower cognitive abilities is more costly or less e¤ective.
In the next section we examine disaggregated claims data to understand better the qualities of retiree care, by level of cognitive functioning. In doing so, we look for evidence that those with lower cognitive abilities use health care services indicative of either di¤erent levels of unobserved health (demand) or di¤erent qualities of care (supply). 
Marker Conditions
First, we examine the relative frequency of hospital admissions for a "marker" condition, by level of cognitive functioning. Marker conditions, which include hip fracture, appendicitis, and gastrointestinal obstruction, are diagnoses for which ambulatory care just before admission is unlikely to a¤ect the need to be hospitalized (Billings et al. 1993) . In this way, marker conditions are relatively good indicators of underlying health as opposed to health choices or access to care.
We estimate models of the following form:
where I it is an indicator equal to one if respondent i had a marker admission in year We interpret this as evidence, somewhat contrary to some of the …ndings presented above, that observable health is doing a good job of controlling for unobservable aspects of health that are, conditionally, correlated with cognitive functioning.
Ambulatory Care Sensitive Conditions
Investigating the qualities of care further, we turn to examine the relative frequency of "Ambulatory Care Sensitive"(ACS) admissions. ACS admissions are hospitalizations for conditions that can be managed or prevented through e¤ective primary care, such as complications of diabetes or high blood pressure. ACS admissions often signify lack of access to primary care, receipt of low-quality services, or inability to manage chronic conditions (Billings et al., 1996) . Acute admissions are potentially preventable through timely outpatient intervention or vaccination, while chronic conditions may require ongoing monitoring and patient compliance. We examine both acute and chronic conditions by estimating a linear probability model for each class of conditions:
Here I it is an indicator equal to one if respondent i had an ACS admission in year t and zero otherwise.
The results are presented in columns 2 and 3 of Table 9 . Here we see that increases in cognitive functioning are associated with statistically signi…cant decreases in both acute and chronic ACS admissions. Conditioning on observable health diminishes the magnitude of the relationship, but does not explain it entirely. We interpret this relationship between cognitive function and ACS admissions, conditional on health, as 20 re ‡ecting a conditional correlation between cognitive ability and unobservable health.
Those unobserved health di¤erences might re ‡ect either di¤erences in access to care or di¤erences in adherence to care.
[ Table 9 About Here]
Referral-Sensitive Admissions
By isolating the relative frequency of ACS admissions, we focused on preventable conditions. In this subsection we analyze certain "referral-sensitive" hospital admissions including joint replacement and elective heart surgery. These are hospital admissions for treatments that require an out-patient referral; and the treatments are aimed at conditions for which less invasive and aggressive options are available.
Making use of the disaggregated utilization data, we estimate a linear probability model of the following form:
where R it is an indicator equal to one if respondent i had an referral-senstive admission in year t and zero otherwise.
The results are presented in columns 4 and 5 of Table 9 . Here we see an important limitation of the data. These referral sensitive admissions are so rare that any changes in relative frequencies may be hard to detect in …nite samples. With this caveat in mind, we …nd no evidence of di¤erences in the relative frequency of these types of admissions by level of cognitive functioning. The point estimates indicate very a small unconditional relationship that is largely eliminated when we condition on observable health. We interpret these …ndings to indicate that, in these domains, older people are not receiving more or less aggressive treatment depending on their level of cognitive functioning. This is not a judgment about the e¢ cacy of the di¤ering treatments; receiving a joint replacement despite the absence of a broken hip may be a proper and cost-e¤ective treatment.
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Conclusions
Linking the rich panel survey data of the HRS to administrative data on Medicare claims, this paper investigated the relationship between cognitive abilities and medical expenditure among older Americans. Consistent with previous studies, we found that older people with lower cognitive abilities spend substantially more on health than their better able peers. Having con…rmed this regularity in these unusually high quality data, we turned to start investigating the channels through which this correlation emerges.
The cross-sectional correlation between cognitive ability and health expenditure may emerge via several di¤erent channels. One broad set of such channels would attribute the relationship to the di¤erences in contemporaneous health between those with higher and lower cognitive abilities. Alternatively, the contemporaneous relationship might be due to di¤erences in the nature or quality of the care received by people with di¤erent cognitive abilities, but similar underlying health.
Conditioning on a long list of observable health measures, we …nd that much, but not all, of the relationship between cognitive function and health expenditure can be explained by observable components of health. The remaining, conditional correlation between cognitive function and medical expenditure, is modest and allows several interpretations. Much of our evidence on expenditure (as opposed to utilization) is consistent with the hypothesis that the conditional correlation between cognitive function and medical expenditure re ‡ects unobserved health associated with cognitive decline. We see this in the importance of end-of-life expenditure and the substantial correlation between cognitive functioning and health expenditure, conditional on individual …xed e¤ects.
Our examination of utilization suggests that di¤erences in (un)observable health by level of cognitive functioning may, in part, be determined by di¤erences in the management of health conditions or access to care. We see this in the relatively strong, negative correlation between ACS admissions and cogntive functioning, even 22 conditional on observable health. Our investigation of variation in the "intensity"of care for patients with the same observable health is limited by the rarity of admissions for conditions where this distinction can be made with greater certainty. With that caveat in mind, conditional on observable health we …nd no evidence of di¤erences in health care received by level of cognitive function.
We view this paper as a …rst step along a path toward a better understanding of the mechanisms behind the cross-sectional correlation between cognitive abilities and medical expenditure. In future work, we anticipate gaining further con…dence in the estimated relationships described here and investigating the role of di¤erent kinds of knowledge and cognitive ability in determining medical care choices. 
